In this study, observed runoff series from a hydro-station respectively named Wenjiachuan station in the Kuye river was manipulated for monthly annual variation analysis assisted by using nonuniformity coefficient and concentration degree(period).the cumulative filter methods was employed to detect the trend of inner-annual runoff. Based on meteorological and hydrological data of the Wenjiachuan hydrologic station from 1955 to 2015, the paper studied the variation tendency, the abrupt and periodic changes of annual runoff using the Mann-Kendall non-parametric test and accumulation anomaly curve. Double mass curve was used to estimate the impact of human activities and climate change on the runoff variation. The curve of seasonal runoff distribution for Wenjiachuan station appeared two peak patterns. The annual runoff declined markedly, the effect of climate on runoff decreased, the influence of human activities on runoff gradually increased the human activities are the primary factors leading to the reduction of annual runoff. In human activities, large-scale water and soil conservation measures and high-strength coal mining have produced significant effects on the annual runoff reduction in Kuye River.
Introduction
The river runoff is a main link of water cycle. The variation of runoff plays a leading role in the evolution of the whole hydrological system, and has a significant impact on the resource environment and regional economy [1] . The coupling effect of natural processes and human activities make the underlying surface pattern in the direction and extent changes, and then exert a profound influence on runoff evolution process and its temporal and spatial distribution and finally resulted in significant impact on the storage and circulation of water resource [2] . The Kuye River is located in the Loess Plateau, water-wind erosion crisscross region, situated in arid and semi-arid transition zone, and the ecological environment is extremely fragile [3] . Large area implementation of soil and water conservation measures and the exploitation of coal resources, which has greatly changed the underlying surface conditions in basin, produced great hydrological effects, runoff processes occurred significant changes, and even emerged the serious phenomenon of setting off. This situation threatened the sustainable development of the ecological environment and the economic in the basin. Based on this, the paper selects the Kuye River nmbasin export control Wenjiachuan Hydrologic Station measured runoff data and meteorological data to analysis the runoff variation trends and evolution characteristics in the river basin and explore the driving factors on runoff change from two aspects of climate change and human activities which is useful for understanding the eco-hydrological process under the background of soil and water conservation comprehensive management and coal mining , while provides scientific basis for reasonable development and configuration of water resources .
General situation of study region and data sources 2.1 General situation of study region
Kuye River is the middle reaches of the Yellow River estuary town --Longmen interval of the first grade tributary in the right bank, and originates from Dongsheng of Inner Mongolia Autonomous Region City, Palestinian Scheduled ditch. And in Shamoutou Village, Wenjiachuan Township, Shenmu Country, Shaanxi Province empties into the Yellow River [6] . The main stream is 242 meters long, and the basin area is about 8706 square kilometers [7] . Affected by the continental monsoon, the basin shows that drought and less rain in spring, more rainstorm in summer, frost and freezing early in autumn, cold and less snow in winter [8] . Basin underlying surface condition is complex. The upstream is the area of sandy steppe, in the middle and lower reaches is gully region of loess plateau where the soil is loose. Kuye River is a coarse sandy tributary that water and soil erosion serious in the middle reaches of the Yellow River. The coal resources within the basin is rich. The famous Shenfu Dongsheng large coalfield run through the middle part of the basin, the mining area accounts for 28.51% of the whole basin's total area [9] , and the coal resource has the characteristics of buried shallow, easy exploitation, good quality and so on. Until 2010, the coal output has reached 1.24 billion tons [10] .
sources of date
Wenjiachuan hydrologic station is the export control station of Kuyehe basin, and the catchment area is 8645km 2 , which account for more than 99% of the Kuye River Basin's area. And its runoff change can basically reflect the actual changes in the entire basin runoff. The analysis of runoff, precipitation, evaporation and other data are derived from the actual observation data of Wenjiachuan hydrologic station.
Research methods

The annual runoff analysis method
1) Mann-Kendall test. Mann-Kendall trend test is a non-parametric statistical test method. The advantage is that no sample is required to conform to a certain distribution, nor is it affected by a few outliers. In recent years, the trend analysis of the hydrological time series has been widely applied in the literature [11] In this study, the Mann-Kendall test was used to analyze the change trends of precipitation, evaporation and runoff at different periods.
2) Double cumulative curve. The double cumulative curve method is the simplest and the most direct method to analyze the consistency of the hydrological and meteorological elements or the long-term trend [14] . The basic idea is two variables according to the same length of time gradually accumulate, a variable is abscissa, another variable is ordinate, the inflection points can be used as the basis of analysis of variable phase change. When it affected by human activities, rainfall-runoff double cumulative curve will shift, but according to the s curve skewed to determine the underlying surface is influenced by human activities intensity, reveal the impact of human activities on runoff changes periodically.
Distribution of annual runoff characteristics
(1)Inhomogeneity. By climate factors such as precipitation, air temperature changes in seasonal effect, the runoff supply also appear obvious seasonal change, determines the distribution of runoff years along with the change of season a cyclical and inhomogeneity [15] . There are lots of methods of studying annual runoff distribution characteristics. In this paper mainly uses annual runoff distribution non-uniformity coefficient and annual runoff distribution in the fully accommodation coefficient [16] to analyze the runoff of years changes. Annual runoff distribution non-uniformity coefficient Cv is calculated by the following formula. 
In this formula: where Ri represents monthly runoff in the year (hundred million m 3 ); R ̅ represents monthly mean runoff (hundred million m 3 ); δ represents mean square deviation. From formula (1), it is clear that a higher Cv number indicates the monthly runoff disparity, and the more uneven distribution of annual runoff.
Annual runoff distribution in the fully accommodation coefficient Cr is another annual distribution index. The calculation formula is as follows:
Where Ri represents monthly runoff (hundred million m 3 ); represents monthly mean runoff (hundred million m 3 ). (2)Concentration degree and concentration period. Concentration degree and concentration period are the two important indices. They use the monthly runoff to reflect the concentration degree of annual runoff and the appearing time of the maximum runoff [17] . It regards the monthly runoff as a vector, the size of the monthly runoff and the month as the length and direction of a vector respectively [18] . Each month from January to December of the azimuth Angle respectively as 0 °, 30 °, 60 °,... , 360 ° and the monthly runoff is decomposed into both x and y Component direction, the x and y directions on vector synthesis are: 
The formula shows that concentration degree (PCDyear)reflects the concentrated runoff accounted for the proportion of total annual runoff, concentrated period (PCPyear) approximately represents the appearing time of the maximum runoff in a year.
(3) Variation amplitude. The change amplitude of runoff was measured by two indexes of relative change amplitude and absolute change amplitude [19] . The formula is as follows:
Where Cm and represent the relative variation range and the absolute variation range; Qmax and Qmin are the maximum and minimum monthly runoff during the year, respectively.
Monthly runoff variation trend
The cumulative filter method was used to fully reflect the qualitative trend of monthly runoff. Principle is as follows [20] :
Where S is cumulative average; Ri are hydrological time series values; is the average hydrological time series; k=1,2,3,…,n(n is the length of the series), i=1,2,3,…,k. . The average value of annual runoff in the 50s,60s,70s,80s,90s in twentieth Century and the early twenty-first Century in turn was 7 , and the runoff at the end of 70s and the end of 90s presented the phenomenon of sharply reduced. At the beginning of the twenty-first Century, the mean value of runoff was only 38.9% in the multi-year average value, and it was 24.9% in 1950s. In order to more clearly distinguish the stage variation of interannual runoff, the annual runoff cumulative departure curve of Wenjiachuan station was drawn from 1965 to 2015 (Fig.2) . The annual runoff mainly experienced 3 stages of change: In 1965-1978, the annual runoff was increasing in the overall trend; the annual runoff showed a slight decrease trend from 1979 to 1997; and in 1998-2015, the runoff decreased significantly. The accumulation anomaly curve of runoff series in Wenjiachuan station
Result analyses 4.1 annual Runoff variation analyses
Analysis of runoff variation trend
The analysis of influencing factors of annual runoff variation
Both natural and human factors cause the change of hydrological process in basin, which is the main factor to analyze the evolution of river runoff. The natural factors of the Kuye river basin mainly consider the precipitation and evaporation, the artificial factors mainly consider coal mining, water and soil conservation measures, production and domestic water consumption.
(1) Effects of climate on Runoff Throughout the study period, the mean values of precipitation and evaporation were 400.56mm and 1086.5mm, the maximum values were 692.6mm and 1366.4mm, and the minimum were 138.7mm and 884 mm. The extreme ratios were 4.99 and 1.55, annual variation was not significant, which indicating that the precipitation and evaporation of wet and low water changes in Kuye River are not severe and relatively uniform. Combined with the previous mutation point analysis, the annual runoff, precipitation and evaporation in different periods were tested by M-K rank correlation test (Table 1) . Under the significant level of α=0.05, in 1955-1978, the runoff was increased to a certain extent, but the Zc value is not through the significant test; the precipitation has a certain increase, Zc also did not pass the significance test; the evaporation showed a decreasing trend, and Zc did not through the test of significance. In 1979-1997, both the runoff and precipitation showed a decreased tendency, and the Zc values were not pass the significance test. The evaporation decreased significantly, and the through the significant test. In 1998-2015, both the evaporation and precipitation showed a increased tendency when the Zc values of precipitation and runoff did not pass the significance test, and Zc of evaporation through the significance test and the runoff showed a decreasing trend the values were not pass the significance test, which indicated that the influence of climatic factors on runoff was gradually weakened. (2) Impact of human activities on Runoff Coal mining is the main reason for the reduction of runoff in Kuye River. The exploitation of coal in the basin began in the late 1970s. By 1991, the output of raw coal in the basin reached 6.26 × 106t, and was 1.73 × 108t in 2011, which was 27.59 times as much as in 1991. The development of coal industry has accelerated the decay of river runoff. A large number of coal mines along the upstream Wulanmulun River have been exploited. Coal mining has changed the hydrogeological conditions; the runoff yield, confluence, supply, runoff and discharge of water resources have been changed; and the groundwater storage has been destroyed [22] , which reduced the hydraulic gradient between the underground water level and the water level. In addition, coal mined-out area collapsed and water-conducting fissures communicated with riverbeds, which resulting in loss of surface water resources and reduced river runoff [23] . Soil and water conservation has a significant impact on river runoff by changing the runoff yield and confluence mechanism and hydrological cycle [24] . Soil and water loss in the Kuye River Basin is serious. The Year main water and soil conservation measures include terraced fields, silt-dams, afforestation, grass planting and so on. According to statistics, the area of water and soil conservation accounted for only 2% of the basin area in the end of 1960s, in the end of 90s，it increased to 7%, while it rose to 40% rapidly in 2008 . Large-scale soil and water conservation measures have resulted in the change of watershed hydrology. The sharp reduction of runoff and the increase of the area of governance have obvious consistency [6] . In addition to coal mining and soil and water conservation measures have great influence on the runoff of Kuye River, and other activities related to the production and life also have a certain impact on runoff. Shenmu County, which taking the Kuye River as water supply and accounting for more than 50% of the watershed area, the industrial water consumption increased by nearly 10 times from 1980 to 2015 [25] . In recent years, The widespread phenomenon of river sand mining, the large and uneven potholes in the channel are not conducive to runoff formation. Along with the economic development of the river basin, a lot of Water surface landscape and urban green space appeared in the town along the river course such as Shenmu county, Wulanmulun town and Kangbashi district, which increased the evaporation loss and irrigation water [10] , and it would be have a certain influence on runoff.
(3) Quantitative analysis of the impacts of climate and human activities on Runoff The double accumulation curve of precipitation and runoff can be used to analyze the stage change of the influence of human activities on runoff. Fig.5 shows the precipitation-runoff double accumulation curve at Wenjiachuan station, and the curves are obviously deflected in 1979 and 1998. Combined with the previous accumulation distance analysis results and the actual investigation of human activities in the basin, the runoff series was divided into three periods: the base period , the general impact period of human activities (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) ) and the strong influence period of human activities (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . The regression equations of cumulative precipitation ∑ and cumulative runoff ∑ in the base period are established by regression analysis of cumulative precipitation and cumulative runoff in the base period: ∑ = 0.0173 ∑ + 4.1275( 2 = 0.9969), Based on the annual precipitation and annual runoff data during the base period, the correlation equation of precipitation and runoff in the base period is established:R = 0.114P + 28.98, According to the annual precipitation and annual runoff correlation equation of Wenjiachuan station, the theoretical average runoff in different periods is calculated, and the value can be regarded as the approximate value of the natural runoff. The difference between the measured value of the base period and the calculated value of each period is the influence value of the precipitation change on the runoff. The difference between the measured value of the base period and the measured value of each period minus the influence value of precipitation change is the variation of human activities to runoff. Table 2 shows the effects of precipitation and human activities on runoff at different time periods. The influence of human activities on runoff is increasing from 38.27% (the general impact period)to 90.81% during the whole study period, and become the dominant factors of Kuyehe river runoff decrease. While the effect of precipitation on runoff decreased rapidly from 61.73% to 9.19%, and the effect on runoff is weakening day by day. The accumulated rainfall/10 8 3 . The monthly runoff reached a maximum in August. In this station, the largest monthly runoff, respectively, accounting for annual runoff of 25.5%; the smallest monthly runoff, respectively, accounting for annual runoff of 2.25%; the biggest monthly runoff, respectively 11.4 times as large as the smallest monthly runoff. In Wenjiachuan, the maximum runoff for three consecutive months also appeared from July to September, accounting for annual runoff of 53.56%. The minimum runoff for three consecutive months appeared from December to February, accounting for annual runoff of 8.89%, only for former's 16.59%.The annual runoff distribution for this station appeared two peak pattern. The runoff reached a minimum in January, began to rise in February. As temperatures rise, snow melt water supply formed spring flood, runoff reaches a peak in March, and then began to decline in April, until June upward trend again, the highest peak occurs during the year in August, and thereafter is gradually reduced until a low value is reached again in December. 
Distribution of annual runoff characteristics
The calculation results of non-uniformity coefficient(Cv), fully accommodation coefficient(Cr), concentration The amount of runoff/10 8 m³ months degree(PCD), concentration period(PCP), the relative variation range (Cm)and the absolute variation(△Q) range of Wenjiachuan station (Table 2) . From annual distribution non-uniformity coefficient, in time.The non-uniformity coefficient of Wenjiachuan station reached a maximum in 1970s, while this hitted the lowest in 2000s. From 1960s to 1990s, its value is maintained at 0.8 above, by the early 21st century, they dropped to 0.52 rapidly. This shows that in Kuye River basin runoff distribution in the various periods of the 20th century is uneven, and it has become relatively uniform in the early 21st century in Kuye River basin. From different periods, the runoff series was divided into three periods: the base period , the general impact period of human activities (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) and the strong influence period of human activities (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .In the Wenjiachuan station, the non-uniformity coefficient of the base period and the general impact period of human activities more close to 1 than the strong influence period of human activities, It shows that the first two periods were more homogeneous.The aspect of fully accommodation coefficient, the first two periods were more than the strong influence period of human activities. It shows that the uneven distribution of runoff during the year of the first periods were stronger than the last period, the distribution of the year is more concentrated than the last period.
As for annual runoff distribution concentration degree, the concentration degree of this station is stable at 0.3 above from 1960s to 1990s, but the numbers are only 0.16 respectively in the early 21 th .In 1970s, the concentration degree is the largest; secondly, it's 1960s and 1990s; the minimum number from 21 th century. In terms of the concentration period, the maximum runoff time of wenjiachuan station has been relatively close in the middle of July to the middle of August.The concentration period of Wenjiachuan station in 1970s and early 2000s, delayed 0 days, 4days and 19days than the annual mean value (July 29), respectively. However, in the 1950s, 1960s, 1980s, 1990s, the runoff concentration period occurs advanced 4 days, 2days, 10days and 7days than annual mean value, respectively. The maximum difference of the maximum runoff appearing time in different periods is 19days.
Tab. 
Monthly runoff trend
Affected by many factors, such as climate change and human activities, the monthly distribution of the measured runoff in Kuye River basin changed, the cumulative filter methods shows (Fig. 2) that the January and February runoff of wenjiachuan station has significantlydecreased in the late 1950s .The runoff of Wenjiachuan in July in the early 1960s has slight fluctuations, after that time ,it is always in decline. The trend of runoff in March and April is similar. Their runoff in the late 1950s is on the rise, peaked in 1956, the early 1960s were obviously volatile and then gradually decreased,but the trend of runoff in April was bigger thanMarch ; the trends of runoff inJune, September and October were similar, before the 1970s, they had a large reduction rate, and then they had a steady decrease in the state and the curve was relatively flat,after a little fluctuation in the late 1970s, the trend of runoff in october was a steady decline.In the late 1950s ,the runoff fluctuatewas a bir strong in May, a peak in 1964, after the 70 s in the stable reduce state;Runoff fluctuations in August was a bit strong, after the 80 s in a state of steady decrease. Except that ,the rest monthly runoff shows that they had little volatility in the late 1970s and the early 1980s,but they were basically in a state of steady decrease in the rest time. 
Discussions
(1) The annual runoff of Kuye River had mutations in 1979 and 1998 respectively. The decrease of runoff in 1979 was related to the natural factors, and on the other hand, the large-scale implementation of soil and water conservation measures and the increase of industrial and urban water use which began in the end of 1970s also has the relation too. In 1998, the runoff again reduced significantly in addition to the above factors, and the large-scale coal mining was also closely related in the end of 1990s. According to the statistics, the annual average exploitation of the Kuye River was about 29 × 10 4 t in the 1980s, and increased to 520×10 4 t in the 1990s. In the first five years of the 21st century, it increased rapidly to 5452 × 10 4 t. (2) The significant reduction of annual runoff in the Kuye River is a result of the combined effect of climate change and human activities. Climate change is a relatively slow process, and the effect of human activities on runoff is rapid, which has become the dominant factor affecting runoff reduction. Therefore, it is necessary to strengthen the management and guidance of human activities in the watersheds, and make it towards a favorable direction.
(3) The double cumulative curve analyzes the impact of climate change and human activities on runoff, and only considering the precipitation, without considering the temperature, evaporation and other meteorological factors, so the accuracy of the results is affected to a certain extent. At the same time, this method cannot separate the influence quantity of the different types of human activities, this problem should be the emphasis and difficulty for the future research.
(4) Kuye River basin is located in arid and semi-arid regions in the middle Yellow River. It's runoff mainly recharged by precipitation and snow melt water. Based on annual runoff distribution, ice and snow melt water supply in spring will lead to a small flood process, and when precipitation increases sharply during the flood season, the largest flood peak appears.
(5) A large number of coal mining in Kuye River mainly located Wenjiachuan station. Wenjiachuan station was located in the downstream of the mining area. After 1980s, with the booming of coal mining, the monthly runoff was significantly reduced greatly .Coal mining became the main reason for reducing the runoff of Kuye River. Caused by exploitation of coal resources, Kuye River water resources reduce accounted for 54.8% of the runoff change from 1997 to 2006 Jiang et al.2010 [26] . (6) In this study, we only used some common indexes to analysis the annual runoff distribution characteristics and the change law at present. You can see that there is a certain correlation between the indexes, and they reflects the annual runoff distribution characteristics from different aspects. In order to understand and master the annual runoff distribution characteristics more accurately and scientifically, we should carry out more appropriate way to enrich annual runoff distribution research.
(7) The change of annual runoff distribution is caused by climate change and human activities. This paper mainly analyze the annual runoff distribution change of Kuye River, as for how to identify different elements' quantitative influence on the change of annual runoff distribution, it need to be further in-depth study. Meanwhile, the change of annual runoff distribution directly affected the economic, social and ecological safety of the people in the basin. Thus, the impact of changes in annual runoff distribution effects on socio-economic and ecological environment isWorthy of further study.
Conclusions
(1)In the past 60 years, the high and low water change of annual runoff in Kuye river has been more severe, and the linear decline rate of Wen jiachuan station is about 1.165m
3 /10a, which shows a significant decrease (2)According to the analysis of the precipitation-runoff double cumulative curve: Compared with the base period, the impact of climate change of the general impact period of human activities on the reduce of runoff is greater than the impact of human activities on runoff. The strong influence period of human activities is mainly affected by human activities, even in the case of a slight rise in annual precipitation, the annual runoff is significantly reduced. The influence rate of climate change on runoff reduction decreased from 61.73% (the general influence period of Human activities) to 9.19%, while the influence rate of corresponding human activities on runoff reduction increased from38.27% to90.81%.
(3)The annual runoff distributions observed by the Wenjiachuan hydro-stations show a "two-peak pattern" distribution. As the temperature rose up in the spring, snow and ice melting water supplied soon. So, the first peak appeared in March. Afterwards, precipitation increased in flood season. This caused the second peak in August which is obviously higher than the peak in March.
(4)The annual runoff distribution of Kuye River is very uneven. Form 1960s to 1990s,the indexes are significantly greater than early 21 th century. It shows that the annual runoff distribution in Kuye River basin is uneven in various periods of the 20th century. But the annual runoff distribution in the early 21st century is relatively uniform.
(5)As for annual runoff distribution concentration period, the maximum runoff of Wenjiachuan station occurs time focus on late July to early August. The maximum difference of the maximum runoff appearing time in different periods is 29days in Wenjiachuan station.
(6)The runoff of each month of Wenjiachuan hydro-stations respectively have different variation trend. Before the 1970s, the monthly runoff of February, April ,May and August were more obvious than other months. It show that the Wenjiachuan station more significantly affected by human activities.
